Background {#Sec1}
==========

Atherosclerotic cardiovascular disease (ASCVD) is one of the main causes of death worldwide. In 2015, up to 31% of global deaths were due to ASCVD \[[@CR1]\]. Within the USA and EU, ASCVD accounts for 33--40% of all-cause mortality at any age and a total economic toll of \$297.7 billion and €196 billion in 2008, respectively. ASCVD is the primary cause of death in the EU, and the burden of diseases from ASCVD in the USA is greater than that from any other chronic diseases \[[@CR2]\]. In South Korea, cardiovascular disease, including cardiac disease (i.e., myocardial infarction, angina, and heart failure) and cerebrovascular disease are the major/leading causes of death. Cardiovascular disease accounts for 1 in every 5 deaths \[[@CR3]\].

Korea has made extensive effort to manage ASCVD through establishment of comprehensive cardiac and cerebrovascular disease care centers, and development of guidelines for diseases related to ASCVD \[[@CR4]--[@CR7]\]. In recent years, the Korean Heart Study cohort was established to improve the understanding of risk factors for ASCVD and to study disease management with government support \[[@CR8]\]. Despite these efforts, studies on the prevalence and incidence of ASCVD and its risk factors in the entire population are lacking, unlike studies on ASCVD mortality. Epidemiology studies on prevalence and incidence can provide information on disease frequency, support to identify the burden of disease, and help in establishing a treatment strategy \[[@CR9]\]. Moreover, an assessment of the epidemiology of ASCVD and its risk factors in small population may be limiting the understanding of the immense impact on overall population and societal health. Therefore, we conducted an epidemiological study to determine the recent prevalence and incidence of ASCVD and its risk factors in entire population.

Methods {#Sec2}
=======

Data source {#Sec3}
-----------

This study used the most recent data available from the Health Insurance Review and Assessment Service (HIRA) database, which included claims data sourced from the entire population of South Korea between January 1, 2013 and December 31, 2015. The HIRA is a government agency that oversees and evaluates healthcare insurance expenses covering the entire population of about 50 million (the Korean National Health Insurance covers approximately 97%, and Medical Aid covers approximately 3%) in Korea \[[@CR10]\]. The claims data of the HIRA contains information on patient diagnoses, treatments, procedures, surgical histories, and prescription drugs across the full range of healthcare settings regardless of geographic location \[[@CR11]\].

Study population {#Sec4}
----------------

Patients aged over 18 years with ASCVD were selected from January 1, 2014 to December 31, 2015, and those at high risk for ASCVD were selected from January 1, 2015 to December 31, 2015. The intake period of patients at high risk for ASCVD was set to 1 year. All patients with at least 1 diagnosis, medication, or procedure code related to ASCVD, or a risk factor for ASCVD were identified. Additional file [1](#MOESM1){ref-type="media"}: Table S1 shows the Korean Classification of Disease, 6th Revision (KCD-6) codes used to define these conditions, and reflects the domestic health and medical care environment in Korea according to the International Classification of Diseases, 10th Revision diagnosis codes \[[@CR12]\]. The codes and definitions of medications and procedures are described in Additional file [2](#MOESM2){ref-type="media"}: Table S2 and Additional file [3](#MOESM3){ref-type="media"}: Table S3.

A sample selection flow chart including the intake period is presented in Fig. [1](#Fig1){ref-type="fig"}. Patients with ASCVD were defined as those with myocardial infarction, angina (stable or unstable), coronary revascularization, peripheral artery disease, ischemic stroke, or transient ischemic attack (TIA), according to the American College of Cardiology and American Heart Association (ACC/AHA) 2013 guidelines \[[@CR13]\]. Patients at high risk for ASCVD were defined as those with diabetes mellitus, hypertension, or dyslipidemia without a history of ASCVD according to the Adult Treatment Panel (ATP) III 2001 guidelines and Korean dyslipidemia treatment guidelines \[[@CR14], [@CR15]\]. The index date was defined as that of the first disease diagnosed in each year. When patients had multiple diseases of interest as the first diagnosis, the data for each were used to estimate the incidence and prevalence for each disease of interest. Patient demographics, including sex and age, were reported on the index date. The pre-index period was defined as the 12-month period before the index date and was used to characterize patient characteristics to determine whether the disease on the index date was a new case. The pre-index period was also used to determine whether any ASCVD existed before the risk factors for ASCVD occurred. The incident patients included those without a history of ASCVD or risk factors for ASCVD during the pre-index period. For example, if there was at least 1 diagnosis or treatment related to ASCVD 1 year before the index date of hypertension, then hypertension was not considered as a risk factor for ASCVD, and this case was excluded in the groups of patients with a high risk for ASCVD. Fig. 1Selection of the study participants from the Health Insurance Review and Assessment Service Database. ASCVD, atherosclerotic cardiovascular disease

Outcome measures {#Sec5}
----------------

The prevalence, cumulative incidence, and incidence density were reported for each year by disease. All results were stratified by 10-year age groups and sex. The annual prevalence was estimated as the number of patients (aged ≥18 years) with the disease divided by the census population (aged ≥18 years). The annual cumulative incidence was measured as the number of incident patients divided by the number of population at risk (aged ≥18 years) which was calculated from the number of census population minus the number of prevalence patients in the previous year. The annual incidence density was estimated as the number of incident patients divided by the number of person-years accumulated in the population without any ASCVD in all groups or without each risk factor for ASCVD in the respective groups. The person-years were calculated as: \[total census population of the year − number of pre-existing cases in the previous year -- Σ (days from occurrence of case to the end of the year)\*/365\] (\*Only patients without preexisting disease in the previous year were followed up.). The prevalence and incidence estimates were adjusted for the standard population of Korea in 2005 according to age.

Statistical analyses {#Sec6}
--------------------

The mean values, medians, ranges, and standard deviations were estimated for continuous variables, and the frequencies and proportions were calculated for categorical variables. Statistical analyses were conducted using the SAS (version 9.3) software program (SAS Institute, Inc., Cary, NC, USA).

Results {#Sec7}
=======

Demographics {#Sec8}
------------

The number of patients with ASCVD was 4,073,832 in 2014 and 4,235,437 in 2015. Approximately 60% of these patients were incident patients in both years. The number of patients with disease was slightly higher in women than in men. When we excluded the patients with ASCVD in the previous year in these groups, the numbers of patients at high risk for ASCVD in 2015 were estimated as follows: 4,189,371 (diabetes mellitus), 7,349,810 (hypertension), and 7,809,475 (dyslipidemia) (Table [1](#Tab1){ref-type="table"} and Additional file [4](#MOESM4){ref-type="media"}: Table S4). Table 1Baseline characteristics of the patients with ASCVD and at high risks for ASCVDCharacteristics20142015Patients to estimate prevalencePatients to estimate incidencePatients to estimate prevalencePatients to estimate incidencePatients with ASCVD Number of patients4,073,8322,431,2914,235,4372,535,664 Age at index (mean, SD)63.7713.4062.0414.2064.0713.4362.3114.20 Male (n, %)1,917,13547.1%1,115,02345.9%2,004,38447.3%1,171,48046.2%Patients with diabetes4,742,145Patients with diabetes without ASCVD Number of patients4,189,3711,368,326 Age at index (mean, SD)60.8713.3857.2214.68 Male (n, %)2,158,64351.5%673,25249.2%Patients with hypertension8,658,743Patients with hypertension without ASCVD Number of patients7,349,8101,052,252 Age at index (mean, SD)62.5012.9756.1614.34 Male (n, %)3,605,51549.1%581,35455.3%Patients with dyslipidemia8,964,197Patients with dyslipidemia without ASCVD Number of patients7,809,4753,265,877 Age at index (mean, SD)57.2114.1152.4515.16 Male (n, %)3,561,80845.6%1,522,74746.6%*ASCVD* atherosclerotic cardiovascular disease, *CCI* Charlson Comorbidity Index, *SD* standard deviation, *HIV* human immunodeficiency virus, *AIDS* acquired immunodeficiency syndrome

Prevalence and incidence of ASCVD {#Sec9}
---------------------------------

The crude total prevalence of ASCVD per 1000 individuals was 98.25 in 2014 and 101.11 in 2015. The crude cumulative total incidence of ASCVD per 1000 individuals was 65.30 in 2014 and 67.05 in 2015. The age-adjusted prevalence and cumulative incidence of ASCVD per 1000 individuals were 77.81 and 61.47 in 2014 and 78.07 and 60.32 in 2015, respectively (Table [2](#Tab2){ref-type="table"}). The incidence density of ASCVD per 1000 person-years was 68.03 in 2014 and 69.94 in 2015. The prevalence and cumulative incidence of total ASCVD increased with age and peaked in the 70--79-year age group (Fig. [2](#Fig2){ref-type="fig"} and Additional file [5](#MOESM5){ref-type="media"}: Table S5). The patients with the highest crude prevalence and cumulative incidence were those with peripheral artery disease (PAD) (per 1000 individuals: 53.49 in 2014 and 56.75 in 2015), followed by angina (per 1000 individuals: 34.59 in 2014 and 34.69 in 2015) and ischemic stroke (per 1000 individuals: 18.69 in 2014 and 18.62 in 2015) (Fig. [3](#Fig3){ref-type="fig"} and Additional file [5](#MOESM5){ref-type="media"}: Table S5). Table 2Prevalence, cumulative incidence, and incidence density of ASCVD and risk factors for ASCVDDisease20142015Prevalence (Rate per 1000 individuals)Cumulative incidence (Rate per 1000 individuals)Incidence density (Rate per 1000 PYs)Prevalence (Rate per 1000 individuals)Cumulative incidence (Rate per 1000 individuals)Incidence density (Rate per 1000 Pys)MaleFemaleTotalMaleFemaleTotalMaleFemaleTotalMaleFemaleTotalMaleFemaleTotalMaleFemaleTotalASCVD Total Crude population93.27103.1498.2560.0770.5165.3062.4073.6568.0396.52105.62101.1162.1571.9367.0564.6675.2269.94 Age-adjusted^a^72.4882.9677.8154.9767.9461.4761.6577.7969.7172.9582.9778.0754.2966.2960.3260.6275.4668.06Angina Crude population36.1033.1034.5915.1815.2015.1915.3015.3215.3136.6532.7734.6914.0713.6113.8414.1713.7113.93 Age-adjusted^a^28.0526.3827.2912.8613.0312.9513.0513.2413.1427.5325.3226.5211.6111.3711.5011.7611.5311.65Ischemic stroke Crude population18.6618.5518.606.156.706.436.176.726.4518.8318.4118.626.046.516.286.066.536.30 Age-adjusted^a^13.5313.9313.814.745.375.074.795.435.1313.1513.3813.354.465.024.764.505.084.81Myocardial infarction Crude population7.123.605.342.721.902.312.721.902.317.543.705.612.791.932.362.791.932.36 Age-adjusted^a^5.482.754.162.161.501.842.161.501.845.642.754.252.151.491.832.161.501.84Transient ischemic attack Crude population5.446.816.133.063.923.493.063.933.505.256.465.862.913.643.282.913.653.28 Age-adjusted^a^4.165.434.802.423.222.822.433.232.833.915.034.472.252.932.592.252.942.60Coronary revascularization Crude population5.123.144.124.742.983.854.752.993.865.133.054.084.782.913.834.792.913.84 Age-adjusted^a^3.982.473.253.702.363.053.722.373.063.872.333.133.632.242.953.652.252.97Peripheral artery disease Crude population46.8959.9753.4923.1932.6227.9123.4633.1628.3049.9763.4256.7524.9334.4929.7225.2435.0830.16 Age-adjusted^a^36.5648.8642.7019.6829.0424.3220.1529.9825.0138.0250.6444.3220.6330.0025.2721.1330.9525.99Risk factors for ASCVD Diabetes  Crude population103.9596.14100.0136.9437.0837.0137.6337.7737.70  Age-adjusted^a^82.9277.8080.3633.7434.7434.1934.7735.9335.29 Hypertension  Crude population173.63177.26175.4634.9628.1531.5435.5828.5532.04  Age-adjusted^a^136.81138.15137.2935.2332.8733.7536.3834.3535.02 Dyslipidemia  Crude population171.52201.09186.4391.08106.3398.6395.38112.24103.70  Age-adjusted^a^146.06169.94157.6488.48109.4498.2494.20119.64105.86*ASCVD* atherosclerotic cardiovascular disease, *Pys* person-years^a^These morbidities are annually age adjusted for the standard population of South Korea in 2005 Fig. 2Prevalence and cumulative incidence of ASCVD by age group in 2014 and 2015. ASCVD, atherosclerotic cardiovascular disease Fig. 3Prevalence, cumulative incidence, and incidence density of ASCVD by year. ASCVD, atherosclerotic cardiovascular disease; MI, myocardial infarction; CR, coronary revascularization; PAD, peripheral artery disease; IS, ischemic stroke; TIA, transient ischemic attack

Prevalence and incidence of the risk factors for ASCVD {#Sec10}
------------------------------------------------------

Dyslipidemia had the highest prevalence and cumulative incidence among the risk factors for ASCVD. The prevalence of diabetes mellitus, hypertension, and dyslipidemia was 100.01, 175.46, and 186.43 per 1000 individuals in 2015, respectively; their cumulative incidence was 37.01, 31.54, and 98.63 in the same year, respectively (Table [2](#Tab2){ref-type="table"}). The groups with the highest crude prevalence and cumulative incidence were somewhat different by each risk factor for ASCVD, age, and sex (Fig. [4](#Fig4){ref-type="fig"} and Additional file [6](#MOESM6){ref-type="media"}: Table S6). All values and tendency of increasing and decreasing incidence densities were similar to those of cumulative incidence (Fig. [3](#Fig3){ref-type="fig"} and Table [2](#Tab2){ref-type="table"}). Fig. 4Overall prevalence and cumulative incidence of the risk factors for ASCVD by age group. ASCVD, atherosclerotic cardiovascular disease

Discussion {#Sec11}
==========

This population-based study was a large-scale retrospective analysis conducted to explore the recent prevalence and incidence of ASCVD and its risk factors, including diabetes mellitus, hypertension, and dyslipidemia, using national claims data. The total prevalence and cumulative incidence of ASCVD slightly increased in 2015, compared to 2014. The main disease that increased the prevalence and incidence was PAD. The prevalence and incidence increased with age regardless of ASCVD disease types. This study is important since the epidemiology of all ASCVD and its risk factors were examined in a nationwide population. Thus, the estimates for several diseases shown in this study are comparable to each other and could be used as basic epidemiological information in other studies.

Previous study reported that the prevalence and cumulative incidence of cardiovascular disease (KCD-6 codes: I20, I21, I22, I23, I24, I25, I50, I70, and I71) were 6.76 and 1.84 per 100 individuals, respectively. The previous report also estimated the prevalence and cumulative incidence of diabetes mellitus (13.19 and 3.55 per 100 individuals, respectively), hypertension (26.30 and 3.37 per 100 individuals, respectively), and dyslipidemia (19.60 and 6.94 per 100 individuals, respectively) \[[@CR16]\]. The prevalence and incidence were similar but slightly different from our results because the study period and codes used to define the disease were slightly different. However, our estimate of total ASCVD prevalence was generally consistent with that of other countries. According to a recent European epidemiological study of cardiovascular disease, the percentage of patients with cardiovascular disease by country ranged from 4.3 to 17.7% in 2014. The results of this study also showed a similar prevalence of cardiovascular disease between men and women in Europe \[[@CR17]\]. The total prevalence of ASCVD in our study was between 98.25 and 101.11 per 1000 individuals and these results were within the range of prevalence in Europe. Another study reported that the prevalence of ASCVD or diabetes was about 15% in USA \[[@CR18]\]. The prevalence of ASCVD and diabetes without ASCVD in our study was 101.11 and 100.01 per 1000 individuals, respectively.

Our study demonstrated that the overall prevalence and cumulative incidence of ASCVD slightly increased in 2015 compared with those in 2014, and the most prevalent types of ASCVD were PAD, angina, and ischemic stroke. The prevalence and cumulative incidence of most types of ASCVD showed a slightly decreasing or similar trend in 2015 compared with those in 2014. However, the incidence of PAD increased compared with those of other types of ASCVD. This seemed to drive an increase in the total prevalence and incidence of ASCVD. PAD is an important part of CVD and strongly associated with ASCVD mortality \[[@CR19]--[@CR26]\]. Moreover, PAD has itself been described as a vascular disease and risk factor for ASCVD at the same time \[[@CR27]\]. Previous studies showed that 1--15% have cardiovascular disease among those with PAD \[[@CR22], [@CR28]\]. In our study, patients with ASCVD tended to have comorbid PAD (among the prevalence group, 32.1% in 2014 and 33.0% in 2015) compared with other cardiovascular diseases including myocardial infarction (4.3% in 2014 and 4.4% in 2015), congestive heart failure (10.1% in 2014 and 10.8% in 2015), and cerebrovascular disease (25.7% in 2014 and 25.6% in 2015). Similarly, in a previous study that estimated the prevalence of PAD, patients with other vascular diseases (coronary artery disease or cerebrovascular disease) had a significantly higher prevalence than the control group with no coronary artery disease or cerebrovascular disease in Korea \[[@CR29]\]. Based on these results, further investigation on the relationship between PAD and other types of ASCVD might be needed.

The prevalence and incidence of ASCVD tended to increase with age regardless of the type of disease. These trends were similar to those in previous studies \[[@CR16], [@CR30], [@CR31]\]. However, the prevalence and incidence in men and women varied by disease, although the total prevalence and incidence of ASCVD for patients aged over 18 years were higher in women than in men. Transient ischemic attack and PAD had a high prevalence and incidence in women. Compared to those reported in the USA, sex-specific trends were consistent for some diseases, but not for others. For example, the recent statistics from the AHA reported that the prevalence of angina and myocardial infarction were higher in men than those in women, and this tendency can be seen in our study. However, the incidence of transient ischemic attack was higher in men than in women, and this is contrary to our findings \[[@CR32]\]. Additionally, the prevalence and cumulative incidence of risk factors in our study showed slightly different trends in terms of age and sex by disease (diabetes, hypertension, and dyslipidemia). For example, the age group with the highest prevalence for each disease was 70--74 for diabetes, 75--79 for hypertension, and 65--69 for dyslipidemia. The highest cumulative incidence by age group was 70--74 for diabetes, 75--79 for hypertension, and 70--74 for dyslipidemia. Prevalence was higher in females than in males in those aged 18--29 and 70--79 years of age for diabetes, 65 and older for hypertension, and 18--29 and 50 years of age in for dyslipidemia. These diseases are well-known risk factors for ASCVD as identified in multiple guidelines and previous studies \[[@CR5], [@CR33], [@CR34]\]. The results in our study suggest that it would be better to set up management strategies to prevent ASCVD tailored to each patient according to the age, sex, and history of disease.

Our study has several distinct strengths. First, we conducted this study using the national claims data from a universal health coverage system that covers the entire population of South Korea \[[@CR11]\]. Therefore, our findings are representative of the entire South Korean population. Additionally, the results of this study were estimated for each type of ASCVD and the risk factors for ASCVD, and stratified by age and sex; thus, the data are considerably useful as scientific evidence.

Despite these strengths, the limitations of a retrospective study using insurance data may be present, because claims data are primarily used for financial and administrative management rather than research \[[@CR35]\]. However, since the claims data that we used covered the entire national population, prevalence and incidence results of this study can be generalized to the Korean population. Additionally, code accuracy and validity can be an important issue. First, this study used diagnosis, procedure, and medication codes to identify the diseases recorded for reimbursement of healthcare services, making it susceptible to coding errors. However, a previous validation study reported that the agreement rate between diagnosis codes in HIRA data and diagnoses in chart review was about 70% \[[@CR36]\]. The accuracy of the codes improved for cardiovascular disease or according to increasing disease severity \[[@CR36]--[@CR38]\]. The validity of diagnosis codes associated with diabetes has also been verified \[[@CR39]\]. Moreover, codes used in this study were based on preceding studies and carefully reviewed by several experts including clinicians \[[@CR40]--[@CR44]\]. Second, we identified diseases using only diagnosis codes, except for dyslipidemia. Because several medications have various indications, we did not use medication codes to identify diseases to avoid misclassification bias. Third, the prevalence and incidence might be underestimated because undiagnosed patients cannot be identified using claims data. Finally, we estimated the incidence rates using a 1-year of disease-free period as a commonly used baseline in claims database analysis. This relatively shorter disease-free period might have resulted in relatively higher incidence rates \[[@CR45]\]. Thus, caution is needed when interpreting the incidence results. Other issues related to unmeasured confounders in this retrospective study using claims data were not a problem because our study did not use a comparison group.

From the perspective of health services research, the latest status of ASCVD determined by this study using the claims data covering the entire national population can be used as an important basis for estimating the burden of ASCVD. This study can also support the decision-making process related to ASCVD in Korea. The prevalence and incidence estimated though epidemiological study can help to establish appropriate strategies for managing disease \[[@CR46]\]. For example, when conducting quantitative cost-effectiveness analysis using a decision-making model, transition probabilities can be estimated using a variety of data sources including epidemiological studies or administrative data \[[@CR47]\]. Other types of decision-making research including cost-of-illness studies to promote attention to public policy and stimulate debate also require information on prevalence and incidence to estimate the burden of disease \[[@CR48]\].

Conclusions {#Sec12}
===========

This population-based study explored the recent prevalence and incidence of ASCVD and its risk factors, including diabetes mellitus, hypertension, and dyslipidemia. High prevalence and incidence of ASCVD and its risk factors in the adult population in Korea were observed, with a marked increase in PAD. We suggest that more intensive management strategies are needed to reduce the burden of ASCVD.
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